Background and Purpose-The clinical significance of sulcal effacement has been widely investigated in CT studies, but the results are controversial. In this study, we evaluated the presence of perisylvian sulcal effacement (PSE) on fluid attenuation inversion recovery MRI and hypothesized that PSE may be related to collateral flow status together with hyperintense vessels on fluid attenuation inversion recovery in hyperacute stroke. In addition, we investigated whether an association between PSE and clinical outcome could be found in these patients. Methods-Consecutive patients with acute middle cerebral artery infarcts within 6 hours of symptom onset were included.
B
rain swelling with sulcal effacement (SE) in acute ischemic stroke is one of the early ischemic changes (EIC) identified on CT that suggest penumbral tissue or ischemic damage. 1 The EIC correlate with baseline stroke severity. 2 In addition, there is a trend of reduced risk and increased benefit to thrombolysis if the EIC on baseline CT are not extensive. 3, 4 However, there is a substantial lack of agreement in recognizing and quantifying EIC based on CT analysis. 5, 6 Multiparametric MRI, including diffusion-weighted imaging (DWI) and perfusion-weighted imaging, has increasingly been used in clinical practice for selecting patients with thrombolysis after stroke. 7, 8 It is also possible to predict hemorrhagic transformation after recanalization therapy using permeability MRI. 9 To the best of our knowledge, the clinical significance of SE noted on MRI has not yet been studied.
Hyperintense vessels (HV) on fluid-attenuated inversion recovery (FLAIR) imaging are frequently observed in the hemisphere with arterial occlusion. 10 The clinical implication of HV is controversial. Some studies suggest that HV are related to poor prognosis, but others report that HV have no specific prognostic value. 11, 12 A recent study demonstrated that distal HV in patients with middle cerebral artery (MCA) occlusion are possibly associated with pial collaterals. 13 Previous experimental studies showed that cerebral perfusion pressure reductions in acute MCA occlusion are most serious in the perisylvian regions. 14,15 Therefore, we evaluated the presence of perisylvian SE (PSE) on MRI and hypothesized that PSE may be related to collateral flow status in patients with hyperacute MCA stroke. We also investigated the relationship between PSE, distal HV, and collateral flow. In addition, we attempted to characterize the association between PSE and clinical outcomes in these patients.
Materials and Methods

Patient Selection and Evaluation
Our analysis was performed on data collected from a prospective registry of patients who were eligible for recanalization therapy for acute infarct of the MCA. We analyzed consecutive patients who presented to a university hospital stroke center between June 2005 and November 2010. The inclusion criteria for this study were: (1) presentation within 6 hours of symptom onset; (2) performance of admission MRI, including DWI, perfusion-weighted imaging, FLAIR, and MRA); (3) acute ischemic lesions within the MCA distribution on DWI; (4) a National Institutes of Health Stroke Scale score of Ն4 points at the time of the admission MRI; (5) major artery occlusion including internal carotid artery (ICA) or proximal MCA (M1 or M2 segment) associated with symptoms on admission MRA; and (6) premorbid modified Rankin Scale (mRS) score Յ1. Thirteen patients were excluded because of uninterpretable MRI examination (11 patients for a motion artifact and 2 patients for old infarctions in the perisylvian regions). The local Institutional Review Board approved this study and all patients gave their consent to participate in the study.
We evaluated patients according to a protocol that included demographic data, medical history, vascular risk factors, and diagnostic testing including routine blood tests, MRI, vascular study, electrocardiograms, and echocardiograms. Stroke subtypes were determined according to the Trial of Org 10172 in Acute Stroke Treatment classification 16 and were diagnosed based on the consensus of 2 stroke neurologists (G.M.K. and K.H.L.). Neurological deficits were evaluated based on the National Institutes of Health Stroke Scale and mRS score on admission and at 3 months after the onset of symptoms. Good clinical outcome was defined as a mRS score Յ2 at 3 months.
MRI Methods and Image Analysis
MRI was performed using a 3.0-T unit (Achieva; Philips Medical Systems). The typical stroke MRI protocol included at least DWI, perfusion-weighted imaging, FLAIR, and vascular images (3-dimensional time-of-flight MRA and contrast-enhanced MRA including the extracranial ICA and the vertebral artery The presence of SE in perisylvian regions including frontal operculum, insula, superior temporal, and supramarginal gyri was assessed based on FLAIR MRI. The PSE was defined as a compression of cerebrospinal fluid spaces attributable to brain swelling on the symptomatic side of perisylvian regions when compared to the contralateral side on visual inspection. Typical examples of PSE on FLAIR MRI are illustrated in Figure 1 . Two reviewers (S.J.K. and S.R.) assessed the presence of PSE with knowledge of only the symptomatic side of the patients. The coefficients for intraobserver agreement were 0.861 and 0.845, respectively, and the interobserver agreement was 0.766 for PSE. The opinion of a third reader (Y.S.H.) was obtained in cases of disagreement.
Hyperintense vessels (HV) were defined as a linear or curved hyperintensity on FLAIR MRI corresponding to a typical arterial course. The presence of HV was designated as proximal or distal in relation to branching of the MCA. HV were classified as proximal when they were present at or within the Sylvian fissure and were classified as distal when they were located distal to the Sylvian fissure. Distal HV were graded as absent, subtle, or prominent ( Figure 1 ). 13 Subtle distal HV were defined as the presence of HV in less than one-third of the perfusion lesion and prominent distal HV were defined as the presence of HV in more than one-third of the perfusion lesion. Time-to-peak maps were used to assess perfusion status and a perfusion lesion was defined as hyperintensity (ie, a delay of contrast bolus) on visual inspection in the symptomatic side when compared to the contralateral side. Two reviewers (S.J.K. and H.J.N.) assessed the presence of distal HV with knowledge of only the symptomatic side of the patients. The coefficient for interobserver agreement was 0.681, and the opinion of a third reader (S.Y.H.) was obtained in cases of disagreement.
DWI lesion volume measurements were performed by one of the authors (O.Y.B.) who was blinded to the clinical information. For each patient, DWI lesion volumes were outlined automatically with subsequent manual correction and volumes were calculated with a 
Conventional Angiography Study
The majority of patients underwent comprehensive cerebral angiography, including injection of both ICA and the dominant vertebral artery, with assessment through the late venous phase. Angiographic collateral grade was evaluated with the ASITN/SIR Collateral Flow Grading System on pretreatment angiography. 17 This angiographic scale assigns patients to grade 0 (no visible collateral to the ischemic site), grade 1 (slow collaterals to the periphery of the ischemic site with persistence of some of the defect), grade 2 (rapid collaterals to the periphery of the ischemic site with persistence of some of the defect and to only a portion of the ischemic territory), grade 3 (collaterals with slow but complete angiographic blood flow of the ischemic bed by the late venous phase), and grade 4 (complete and rapid collateral blood flow to the vascular bed in the entire ischemic territory by retrograde perfusion). In this study, scores of 0 and 1 were designated as poor collateral flow and grades 2, 3, and 4 were designated as good collateral flow.
Vascular recanalization was based on the Thrombolysis in Cerebral Infarction classification, with assignments of 0 (no perfusion), 1 (penetration with minimal perfusion), 2 (partial perfusion), and 3 (complete perfusion). 17 The recanalized status was classified as early recanalization (ER; ER-positive) (Thrombolysis in Cerebral Infarction Scale scores 2 and 3 within 6 hours of symptom onset) versus ER-negative. Patients who did not undergo intra-arterial thrombolysis were also designated as ER-negative. The collateral grade and Thrombolysis in Cerebral Infarction Scale scores were rated by the consensus of 2 neuroradiologists.
Statistical Analysis
Continuous data are shown as the meanϮSD, whereas categorical variables are presented as absolute and relative frequencies. We analyzed differences between groups using Pearson 2 test or linear-by-linear association for categorical variables and an independent t test or the Mann-Whitney U test for continuous variables. In addition, multivariate logistic regression analysis was performed to predict the independent contribution of factors in PSE and clinical outcome. Variables significant at PϽ0.1 on univariate analyses were considered explanatory variables and were entered together into the multivariate model. PϽ0.05 was considered statistically significant. All statistical analyses were conducted using commercially available software (SPSS for Windows, version 13.0; SPSS).
Results
A total of 139 patients were included in this study: 78 men and 61 women with a mean age of 65.7Ϯ13.8 years (range, 22-93 years). Admission MRI was performed at 176.7Ϯ85.4 minutes (median, 165; interquartile range, 113-224; range, 28 -422 minutes). The PSE on FLAIR MRI was observed in 79 (56.8%) patients.
Baseline characteristics of the patients according to PSE are presented in Table 1 . The National Institutes of Health Stroke Scale score on admission and initial DWI lesion volume were higher in the PSE-positive group (both PϽ0.001). In terms of site of occlusion on admission MRA, patients with PSE had ICA or M1 occlusion more commonly, whereas M2 occlusions were more prevalent in the PSEnegative group (Pϭ0.023). Of the 96 patients who underwent conventional angiography, good collateral flow was more frequently observed in the PSE-negative group (PϽ0.001). Onset to admission MRI time was shorter, and male gender, hypertension, and current smoking status were more common in the PSE-negative group, but the differences did not reach statistical significance. No other findings differed between the two groups.
PSE, Distal HV, and Collateral Flow
There was no significant difference in the pattern of distal HV on admission FLAIR MRI according to PSE status. However, as shown in Figure 2 , the distribution of collateral flow depending on the degree of distal HV differed between the 2 groups. In the PSE-positive group, patients with an absence of distal HV on FLAIR MRI were more likely to have development of poor collateral flow, whereas those with prominent distal HV tended to have good collaterals (Pϭ0.021 for trends). On the contrary, in the PSE-negative group all patients with an absence of distal HV had good collateral flow, whereas Ϸ40% of the patients with prominent distal HV had poor collaterals (Pϭ0.083 for trends).
Multivariate logistic regression analysis was performed to further evaluate the independent predictors for PSE-negative (Table 2) . A good pretreatment collateral grade was independently associated with PSE-negative (odds ratio [OR], 23.45; 95% confidence interval [CI], 5.37-10.30). Other factors including gender, National Institutes of Health Stroke Scale score on admission, initial DWI lesion volume, vascular risk factors, and site of occlusion on admission MRA did not significantly add value to PSE-negative individuals. There was no significant correlation between the individual factors. As shown in Supplementary Table I (http://stroke.ahajournals.org), the independent association between PSE and collateral grade was persistent in a more homogeneous subgroup of patients with proximal vessel occlusions (ICA/MCA M1 segment). Figure 3 describes the distribution of mRS 3 months after symptom onset, depending on the presence of PSE on FLAIR MRI. In the PSE-negative group, 70% of the patients demonstrated a good clinical outcome (mRS score Յ2 at 3 months). However, Ϸ80% of patients in the PSE-positive group had a poor clinical outcome (mRS score Ն3 at 3 months; PϽ0.001 for trends).
Factors Associated With Clinical Outcomes
Multivariate logistic regression analysis was performed to further evaluate independent predictors of clinical outcome. As shown in Table 3 , National Institutes of Health Stroke Scale score on admission (OR, 0.78; 95% CI, 0.69 -0.88) and occlusion site (ICA occlusion as a reference; OR, 5.28 for MCA M1 segment occlusion; 95% CI 1.32-20.71; OR, 11.62 for MCA M2 segment occlusion; 95% CI, 2.81-48.05) were independently associated with a good clinical outcome after adjusting for other variables. In addition, PSE and recanalization status were also independent predictors of mRS score Յ2 at 3 months. Compared to the PSE-positive and ERnegative patients, the patients with PSE-negative and ERnegative (OR, 4.11; 95% CI, 1.12-15.17) and PSE-negative and ER-positive (OR, 34.62; 95% CI, 5.75-208.60), but not PSE-positive and ER-positive, were more likely to experience a good clinical outcome.
Discussion
The main findings of this study were as follows. First, the only predictor for PSE on FLAIR MRI in hyperacute MCA stroke patients who had ICA or MCA occlusion was the degree of collateral flow on conventional angiography. Second, distal HV on FLAIR MRI were associated with the status of collateral flow, but the meaning differed depending on PSE status. Last, PSE in conjunction with recanalization status can predict clinical outcome in these patients.
SE on FLAIR MRI
In CT studies, the clinical significance of EIC including SE in patients with hyperacute stroke has been widely investigated, but the results are controversial. Some studies revealed that Stroke mechanisms, other vascular risk factors, medications before stroke onset, and laboratory findings did not differ between groups (PϾ0.2). CI indicates confidence interval; DBP, diastolic blood pressure; DWI, diffusion-weighted imaging; ER, early recanalization; IA, intra-arterial; IV, intravenous; MCA, middle cerebral artery; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; PSE, perisylvian sulcal effacement; SBP, systolic blood pressure.
large EIC on CT are indicative of poor outcome and higher hemorrhage risk in clinical trials and prospective studies, 4, 18 and these parameters have been used as exclusion criteria for determining thrombolytic therapy in patients within 6 hours of symptom onset. 19, 20 However, other studies demonstrated that SE does not necessarily mean severe ischemic injury, especially if parenchymal hypoattenuation is absent. 1, 21, 22 An important limitation of noncontrast CT studies with respect to SE is poor agreement in distinguishing and estimating SE, even among experienced clinicians. 5, 6, 22 By contrast, the intraobserver and interobserver agreements were excellent in this study. This may be largely because of the use of FLAIR MRI to identify PSE in the current study. MRI provides superior contrast resolution over noncontrast CT in assessing brain tissue and has the highest sensitivity for parenchymal lesion detection.
PSE and Collateral Flow
Brain swelling with SE may be categorized as either cerebral hyperemia because of increased cerebral blood volume (CBV) or cerebral edema because of increased tissue water. 23 An experimental study revealed that brain swelling gradually increases after MCA occlusion and is accompanied by ischemic edema and increase of tissue water. 24 Ischemic brain swelling without edema may be attributable to cerebral hyperemia associated with compensatory vasodilation after a mild decrease of cerebral blood flow. 1, 25 In both situations(cerebral edema or hyperemia), brain swelling with SE in a certain region may suggest hemodynamic compromise in that area. 22 In this study, we assessed SE only in the perisylvian regions because the reduction of blood flow in acute MCA occlusion is maximal in that area. 14, 15 In MCA occlusion, the absence of PSE may mean that cerebrospinal fluid is preserved in the MCA territory. These factors explain the independent association between the absence of PSE and good collateral flow.
Distal HV and PSE: A Possible Indicator of Collateral Flow Status
The results of our study demonstrate that the meaning of distal HV differs depending on the presence or absence of PSE. In patients with PSE, prominent distal HV may suggest good collateral flow, whereas absent distal HV indicate poor collaterals. However, the significance of distal HV was opposite in patients without PSE.
These results may be explained by the speed of collateral flow. It has been suggested that proximal and distal HV have different implications in acute stroke patients with major arterial occlusion. Although proximal HV may be used as a marker for arterial occlusion, presumably because of the thrombus inside the artery, 11 distal HV are more likely related to stationary blood and slow antegrade or retrograde collateral circulation. 10, 26 One may assume that if patients with MCA occlusion have sufficiently rapid collaterals from arteries unaffected by occlusion, distal HV beyond the site of arterial occlusion or PSE may not be identified on FLAIR. On the contrary, patients without any flow from antegrade or retrograde collaterals may have PSE, but not distal HV.
To know collateral flow status is important in patients with acute stroke in terms of refining therapeutic decisionmaking. 27, 28 Although conventional angiography is considered as a gold standard for the assessment of collaterals, it is invasive, not readily available, and has a risk of complications. In this regard, we think that PSE in conjunction with distal HV can be used as possible indicators reflecting the collateral status without drawbacks of conventional angiography.
PSE and Clinical Outcome
In the analysis of clinical outcome, PSE and recanalized status were combined because both can interactively affect the clinical outcome. 28, 29 Interestingly, patients with PSE had a similar chance for a good outcome regardless of the recanalization state, but they had a reduced opportunity compared to patients without PSE. Patients in the PSEnegative group had the greatest possibility of a good outcome when ER was achieved.
Although arterial revascularization remains the principal therapeutic approach to restore antegrade perfusion to the ischemic territory in the setting of acute ischemic stroke, these findings suggest the need for different therapeutic strategies in patients with PSE, which can reflect poor collateral status. Cerebral perfusion augmentation via partial aortic occlusion or induced hypertension could be considered possible options. 30, 31 Conversely, a more aggressive treatment to achieve therapeutic recanalization may be needed in PSE-negative patients. Mechanical thrombectomy devices or stent-assisted mechanical recanalization could be helpful to these patients. 32, 33 
Limitations
It is important to note that this study had several limitations. First, the results should be interpreted with caution because they were based on data obtained from a single center. Accordingly, our results require independent confirmation through future prospective stroke studies. Second, patients who received intravenous thrombolysis only or no thrombolysis were classified as ER-negative because their recanalization status could not be confirmed. However, it is well-known that the rate of ER is low in proximal vessel occlusions, even in patients treated with intravenous thrombolysis. 34 Last, we only used 3-T MRI, which provides superior resolution over low-Tesla MRI in assessing brain tissue on FLAIR sequence. Future studies are needed to determine the possibility of application of our protocol with low-Tesla MRI.
Conclusions
In conclusion, PSE on FLAIR MRI can be observed in hyperacute stroke patients with ICA or MCA occlusion, and this finding is independently associated with collateral status. In addition, PSE and distal HV may be useful markers for the prediction of collateral flow. Moreover, PSE in conjunction with recanalization status can predict clinical outcome in these patients. Based on these findings, it can be concluded that different therapeutic approaches might be needed to improve patient outcomes after ischemic stroke. Table 1 . The subheadings "Present (Nϭ79)" and "Absent (Nϭ60)" under "Perisylvian Sulcal Effacement" were reversed.
The correction has been made to the online version of the article and the corrected Table 1 is below. 
